A BSTRA CT. The purpose of this study was to describe the composition and abundance of rotifers in different env ironments: one lotic (the Ivinhei ma River) and another lenti c (the Patos Lake) located in the floo dpl ain of the Upper Parana River. The influence of lim no logical variables on the structure and dynamics ofrotifers was also exam ined. Samples were taken monthly li·om March 1992 through FebrualY 1993, in the open water region of the lake and river and in the channel between them and, in the littoral region of the lake and river. Of the 96 speci es identifi ed, the best represented fami lies were: Brachionidae (20 spec ies), Lecanidae ( 18 spec ies), and Trichocercidae (15 speci es). 55 speci es were widely di stributed, 13 were pantropical, 16 neotrop ical (8 endemic to South America) . Trichocerca gracilis was a new record for this fl oodpl ain. Dipleuchlanis propalula propalllla, Lecane cllrvicornis, L. leonlina, L. bulla, Plalionlls patuilis patuills, Platyias quadricornis quadricorllis, Testudinella pOlino, and T 1I111cronata hauriellsis wcre consistently present. More species were recorded during the hi gh water period, probably because of the interconnecti on among the di fferent environments of the fl oodplain that allows fauna exc hange and an increase in ava il ab le hab itats. Rotifer densities wcre hi gher mainly in the lake, during the high water. Us ing principal components analys is, was ident itied four variables that influence the seasonal vari ation in the rotifcr densities: water level, dissolved oxygen, chl orophyll-a concentration, and water temperature. KEY WORDS . Rotifera, Parana River, floodplain , neotropics On a floodplain , the seasonal var IatIon in the hydrolog ical conditions, characterized by the occurrence of hi g h water a nd low water periods, is a fundam e ntal eco log ica l factor. W a ter leve l variations cause changes in the abiotic and biotic features of the whole system and reg u la te th e exchange of m a tter a nd energy b e tvveen the main river and the adjace nt cnvironments (J UNK et af. 1989).
The aim ofthis paper is to describe the composition and abundance ofrotifers in a lotic environment (lvinheima River) and a lentic environment (Patos Lake), located in the floodplain of the Upper Parana River, Mato Grosso do Sui State, as well as to identity the influence of physical, chemical, and biological variables on the rotifer community structure and dynamics .
MATERIALS AND METHODS

Study area
The Ivinheima River (22°49'33"S and 53°33'46"W) has a meandering pattern and turbulent waters. Its margins are covered by grasses (Polygonon sp.) and, in part, occupied by aquatic macrophytes (Eichhornia azurea Kunth). The Ivinheima communicates with the Parana River by a channel (Fig. I) .
The Patos lake (22°43' 12"S and 53°)7'3 7"W) is located on the right bank of the Parana River and on the left bank of the Ivinheima River, communicating with the latter throughout the year by a channel. This channel contains large beds of aquatic macrophytes along its length and its bank is dominated by grasses. The flow direction and water speed in the channel vary according to the flood stage of the river. The irregular shore at the lake is covered by grasses and small beds of aquatic macrophytes, predominantly E. azurea (Fig. 1) .
Sampling stations
For this study, was established five sampling stations (F ig. I): two in the lake (Stations 1 -open water region and 2 -littoral region), one in the channel between the river and the lake (Station 3 -open water), and two in the river (Stations 4 -littoral region and 5 -open water region) .
Physical, chemical, and biological variables
We collected monthly samples for physical, chemical, and biological variables, always during the morning, from March 1992 to FebrualY 1993, at all stations. At stations 1 and 3 were collected the samples at three depths of the water column (surface, middle, and bottom), at station 5, at two depths (surface and bottom), and at stations 2 and 4, only on the surface.
Water level data for the Parana River were supplied by DNAEE (National Department of Water and Energy). Analyses of the abiotic and biotic variables: water temperature (0C), water column transparency (m), dissolved oxygen (mg/I), pH, electrical conductivity (flS/cm), and chlorophyll-a concentration (mg/I) were conducted according to the methodology described by THOMAZ et at. (1992) .
Rotifers
We obtained the rotifer samples with a motori zed pump filtering 1000 liters of water for each sample through a 70 flm mesh plankton net.
Rotifers (ind/m3) were quantified by counting sub-samples in a SedgwickRafter cell; at least 200 individuals of each sample were counted. Identification was based on KOSTE (1978) , KOSTE & ROBERTSON (1983) and SEGERS (1995).
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Constancy Index and Geographical Distribution
A Constancy Index ( C) for each species recorded at the five sampl ing stations, was determined by the expression c = (n x 100)1N , where "n" is the number of samples containing the species and "N" is the total number of samples co ll ected (DAJOZ 1973) . According to the results of this index, the species were considered constant when they occurred in more than 50% of the samples; accessory, when recorded in 25%-50% of the samples, and accidental when present in less than 25% of the samples.
From the data on geograph ic distribution for each species (KOSTE 1978; JosE DE PAGGI 1990; BONECKER et at. 1994) , the species were classified as having a widespread distribution, as pantropical, neotropical, or neotropical and endem ic to South America.
Principal components analysis (PCA)
To evaluate the influence of the temporal and spatial vanatlOn of the environmental factors on the total densities of the rotifers and the principal species, were conducted a multivariate analysis of the data. PCA examines the interdependence among the variables and , from the data, discovers models that allow us to form ul ate hypothesis as a function of the estimated variables (PLA 1986) .
From this analysis was derived a data matrix with all the linmological variables (Tabs r, II). The data, except for pH, were log transformed [Log (x+ 1)], and standardized since were dealing with variables with distinct units of measurement.
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RESULTS
The fluctuations in the water level of the Parana Ri ver are shown in figure 2. The hydrological cycle had two phases: high water period (March 1992 to May 1992 and October 1992 to February 1993 and low water period (June 1992 to September 1992). The greatest number of species in the lake occurred in the open water region (72 species), and 61 species were found in the littoral region. Similarly in the river, 85 species were recorded in open water, and 67 species in the littoral. 82 spec ies were identifi ed in the connecting channel between the river and the lake.
Composition
The Constancy Index suggested that a larger number of constant species were present in the river, chiefly in the littoral region, than in the channel, followed by the lake (Tab. III). Only eight species were constant at the five sampling stations:
Dipleuchlanis propatula propatula (Gosse, 1886), Lecane curvicornis (Murray, 1913) 
Density
Comparing the total rotifer densities at the five sampling stations, considering only the mean of the stations with more than one collection depth, the greatest abundance occurred in the lake, followed by the channel, and then the river. Rotifer densities fluctu ated from month to month at each station, with higher densities during the high water period (Fig. 4) (Plate, 1886) . Bdelloids were numerous at all stations (Tab. II). All these species were considered for the PCA .
Principal components analysis
The results obtained by PCA showed that the principal components (CPI and CPU) explained 60.42% of the total variability of the data. Analyzing the structure coefficients and the location of the sampling units at cpr (38.54%) and cpn (21.87%) together, was found that the highest rotifer densities occurred in the lake (a= 1 and b=2), during the high water period (2=April , 9=November, IO= December, II =lanuary , 12=February), when the following limnological conditions predominated: high values of electrical conductivity and temperature; low concentrations of dissolved oxygen , and low pH values (CPl, sol id line). Moreover, high rotifer densities also were associated with the higher concentrations of chlorophyll-a observed at the end of the low water period (7=September) and during the high water period (9=November and 11 =lanuary) (CPII, dotted line) (Fig. 5) . The two principal components explained the spatial and temporal variations, where the cpr showed chiefly the influence of the water level and the CPU reflected the importance of chlorophyll-a. The sum of the three first principal components of PC A, employing the abiotic variables and the most abund ant s pecies, ex plained 58 .58% of the total variabi I ity 01' the data. The ordination of the stations and collection months along CPJ (36.6%) indicates that most of the species negatively correlated with this component were more abundant in the lake (a= 1 and b=2) and the channel (a=3), during the high water period (lO=December, 11=January, 12=February) (solid line). These environments and collection months had high water levels, high temperature, and electrical conductivity values, and low concentrations of dissolved oxygen. Brachionus calycifIorus and Keratella tropica were more abundant in the open water region of the lake (a=U) at the end of the low water period (6=August and 7=September), when the limnological characteristics were the opposite of those described above (Fig. 6) . . 'r---------------------------------------------- Trichocerca pusilla predominated in the lake (a=1 and b=2), and in month when higher chlorophyll-a concentrations occurred (7=September) (dotted line) (Fig. 7) , According to the ePJIJ (10.71 %), in this environment T pusilla was also important in the collection months with greater water transparency (4=June and 5=July) (dashed line), and Lecane luna in the month with high concentrations of dissolved oxygen and when the pH tended to the alkaline range (7=September) (dashed line) (Fig. 7) .
.. . Score distribution of sampling station (a=1, b=2 , c=3, d=4 and e=5) and month (1 =March, 2=April, 3=May , 4=June, 5=July, 6=August, 7=September, 8=October, 9=November, 11 =January and 12=February) among principal components defined by environmental variables. (-) third component.
DISCUSSION
Of the 28 genera identified, Lecane, Brachionus, and Trichocerca showed the highest richness of species, making up almost half of the number of records (46.4%). The richness of Lecane is well documented for tropical continental waters (KOSTE & JOSE DE PAGGI 1982; JOSE DE PAGGI 1990; ZOPPI DE ROA et at. 1993; BONECKER et at. 1994; LAN SAC-TOHA et at. 1997) . Brachionus is also more representative in the tropics (PElLER 1977; FERNANDO 1980; DUMONT 1983) .
More species were found in the open water regions of these systems. These results differ from those verified for Guarana Lake, also located on this floodplain (BONECKER et at. 1994) . Guarana Lake is small with extensive aquatic macrophyte beds which favor greater habitat diversity. On the other hand, Patos Lake has a larger area, with less developed macrophyte beds. Another fact that may explain these results is that in the open water region of Patos Lake, sampling was performed at three depths of the water column, whereas in the littoral region it was only conducted at the surface.
The composition of the rotifer fauna was influenced by the variations in the water level of the Parana River, with more species recorded during the high water period. For example, at that time, species characteristic of the littoral region such as Lecane signifera (Jennings, 1886), L. papuana, and L. proiecta (Hauer, 1956) occurred in the open water. The rise in water level permits greater exchange offauna between the littoral and open water regions. This influence of the hydrological regime on the composition of the rotifers has been observed in other environments ofthe floodplains of the Upper Parana (LAN SAC-TOHA et at. 1992 , 1997 BONECKER et at. 1994; CAMPOS et at. 1996) and the Middle Parana (JOSE DE PAGGI 1988; PAGGI & JOSE DE PAGGI 1990) , the Amazon basin (KOSTE & ROBERTSON 1983; BOZELL! 1992) , and the Orinoco River (VASQUEZ 1984a) .
Most of the rotifer species (57.3%) have a widespread geographical distribution. Several species endemic to the neotropical region and even to South America were present. Most neotropical endemics were members of the Brachionidae (Brach ion us dolabratus Harring, 1915 and Plationus macracanthus (Daday, 1905) , among others), as in other environments of this floodplain (BONECKER et at. 1994; LANSAC-TOHA et at. 1997) and the floodplain ofthe Middle Parana River, Argentina (PAGGl & JOSE DE PAGGI 1990) .
The highest rotifer densities occurred in the lake, as evidenced by the PCA. Greater abundances of rotifers in lentic habitats were also seen in other studies in the floodplain of the Upper Parana River (BONECKER & LANSAC-TOHA 1996; LANSAC-ToHA et al. 1997) , the Middle Parana River (PAGG! & JOSE DE PAGGI 1990) , and in the Amazon basin (BOZELL! 1994) .
In different aquatic environments subject to fluctuations in the water level, several studies have shown that greatest rotifer densities occur during the low water period VASQUEZ 1984b; VASQUEZ & SANCHEZ 1984; PAGGI & JOSE DE PAGG! 1990; BOZELL! 1994) . The results of these studies contrast with ours, which recorded that the greatest abundances during high water, as illustrated by the PCA. This unusual occurrence may be related to the fact that the littoral region, during the high water period, is subject to strong mixing currents. The increment in the rotifer densities in the river during high water may also be caused by the contribution of fauna from the lake and other littoral lakes associated with the river. SAUNDERS & LEWIS (1988) observed that highest rotifer densities in the Caura River, Venezuela, also during high water, could be the result of the incorporation of animals from lentic habitats of the floodplain. Completing this reasoning, changes in the water volume activate backwaters or isolated areas, transporting animals to the river populations (JosE DE PAGGI 1981) . The higher densities during high water may also be explained by the fact that the rotifers are opportunistic organisms capable of producing large populations in unstable environmental conditions (ALLAN 1976) .
The water level was not the only variable correlated with the seasonal fluctuations in the rotifer densities. PCA also showed that the highest total densities were correlated with high temperatures and lower concentrations of dissolved oxygen. For some species like Brachionus calyciflorus, Lecane luna and Keratella tropica, dissolved oxygen seems to be a limiting factor, as is pH. BERZINS & PEJLER (1989) affirm that oxygen concentration is an important factor in the temporal distribution of the rotifers. They recorded the occurrence of Bra chino us calyciflorus, for example, at pH between 7.0 and 10.0, with highest abundance near 8.0 (BERZINS & PEJLER 1987) . Was found this species more abundant at pH ca. 7.5. Temperature is also clearly important in the development of rotifer populations, especially for egg development, since the birth rate is different for each individual of the same species. HOFFMANN (1977) emphasized that temperature is very important for understanding changes in species abundance throughout the year.
Chlorophyll-a was also important in the seasonal variation of the total and specific rotifer densities, especially for Filinia cf terminalis, Brachionus calyciflorus, and Trichocerca pusilla. As the PCA showed, the greatest densities of these organisms were related to higher values of chlorophyll-a concentration. Most rotifers are omnivorous, filter-feeders, selecting food particles according to their size and quality (JosE DE PAGGI 1978) . Brachionus calyciflorus has a wide feeding spectrum, being an active consumer of algae and bacteria (POURRJOT 1977 ; P EJLER 1983; ROTHHAUPT 1990) .
Densities of some species are weakly correlated with concentrations of chlorophyll-a: Lecane elsa, L. curvicornis, L. leontina, Platyias quadricornis quadricornis, Dipleuchanis propalula propatula and Bdelloidea. These species are typical of littoral regions with aquatic vegetation. Phytoplankton may not be the main food of these species, which may consume preferentially detritus and/or bacteria that, according to WETZEL (1990) are very abundant in these regions because ofthe decomposition of aquatic macrophytes. Species ofthe genus Lecane are detritus and bacteria feeders, and D. propatula propatula is exclusively detritivorous (POURRlOT 1977) .
Studies undertaken by BON ECKER & LANSAC-TOHA (1996) in this floodplain also showed that the densities ofthe chiefrotifer species were influenced mainly by chlorophyll-a, dissolved oxygen, the fluviometric level, and water temperature.
